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Abdgtract: Opticd coherence tomography (OCT) is very promisng for high-resolution
cross-sectiona imaging underneath the surface of biologicd tissue in the medical use.  In this paper, two
OCT images for 0.8 and 1.3um are compared in fiber-optic low-coherence interferometers. Our experiment
suggedts that the maximum light penetration depth of 1.3um OCT is dmost twice as large as that of 0.8um
OCT, whilethe latter can image micro tissue structures near the surface with higher contrast.

1. Introduction

Very recently, keen interest has been in development of optical coherence tomography (OCT) inthe
field of biomedica optics becauseit ishighly potentid for high-resolution cross-sectiond imaging undernegth
the surface of biological tissue®. A lot of intensive works are now made for improvement of image qudity
and resolution, and combinaion OCT and endoscopes”.  In particular, we demonstrated ultra
high-resolution OCT and optical tomography of the geometrical dimensionsstitablefor clinical diagnoses®®.

OCT utilizes the low coherence interferometry to obtain a cross-sectiond imagesin the way that is
andogous to ultrasound echo imaging (B-mode operation).  The spatid resolution of OCT images dong the
tissue depth, therefore, is determined by the coherence length of the light source itsdlf.  In the case where a
super-luminescent diode (SLD) is used as the light source of the interferometer, the resolution of 10 to 20pum
is obtained. Essentidly, OCT is 2-D mapping of reflection of light with less influence of scatering in
biologicd tissue; in other words, only the balistic photons are selectively detected in OCT.  Accordingly, the
conventiond Michelson interferometer can be used even for opticad imaging of biologica tissue which is
strong scettering media.  Thus, aminiaurized and vibration-free Miche son interferometer is easily redized
by the use of a angle-mode fiber directiond coupler. The SM fiber is ds0 very effective for sdective
detection of an extremdy smdl amount of bdlistic photons from scattered light.  This means a practicd
OCT system is easlly redlized by the help of advanced optod ectronic technologies, and OCT is thus very
promising for avariety of diagnosesin ophthamology, dermatology, gastrointesting surgery, etc.

At present, further technica development of OCT isnow required to meet actud clinical diagnoses,



including improvement of the penetration depth of light and the spatia resolution. The penetration depth of
light is mainly determined by scattering of biologicd tissue.  Scattering, as a matter of course, is srongly
dependent upon the light wavdength.  In this paper, the imaging characteristics of OCT are presented for
two specific wavelength of 0.8 and 1.3um in the fiber-optic low coherence interferometers.

2.0.8 and 1.3 um fiber-optic OCT systems

Two different SLDs are commercidly available for the wavelength of 0.8 and 1.3um.  In the past
two decades, the 0.8-um light has been used for measurement of concentration of oxidized and deoxidized
Hb of blood. In contragt, the 1.3 or 1.5um light is not popular in biomedica optics, but is the important
wavdength range where  optoeectronic
components/devices are well devdoped. The
fiber-optic OCT system is shown in FHg. 1, where
the center wavelength of SLDs are 0.85 and
1.308um with the spectrum bandwidth of 15 and
42nm, respectively.  The output power of SLD is
nearly 3mW. Firg of dl, the coherence length
were measured to be 15.2 and 18.0um for 0.8 and IPC]l | Gas PIN diode (1.3Um
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The use of fiber-optic interferometersis
very effective for sdective detection of bdlistic
photons, as shown in FHg 2, where 0.8um
bulk-optic and fiber-optic OCT images of human
nal are compared. Obvioudy, the fiber optics Fig. 2 Comparison of in vivo OCT images

can provide a higher contrast image with less of a human nail. (a) a bulk-optic OCT
image. (b) afiber-optic OCT image.
speckle noise.

3. Evaluation of the maximum penetration depth
The maximum penetration depth of light, dya, Was evauated usng chicken tissue sandwiched by
glass plates.  In generd, the detected light intendity | is expressed by | = 1o exp (-2ud) and py = Ha + Hs,
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Fig. 3 Invitro OCT images of chiken tissue and the axial reflection profile along the raster.
(a) 0.85um OCT image, (b)1.3um OCT image.
where |y is the incident light intendty, d is the penetration depth of light, P, and s are aosorption and
scattering coefficients, respectivey.  In biologica tissue, Ys >> |, is dways satisfied.  On the bads of the
discussion described here, | and d are evauated from the 0.8um and 1.3um OCT images of Figs 3 (@)
and (b), which are fase color images of thelogarithmic light intensity level. is determined as the dope of
afitting line for the light intengty profile dong a ragter, as shown by the dotted line in Figs. 3 () and (b).
Omax 1S A0 given by the distance from the tissue surface to the crossing point of the fitting line and the noise
level. Consequently, we obtained p; = 2.6 and 1.1mm™* and diye = 0.7 and 1.5mm for 0.8 and 1.3um OCT
images, respectively. It isthusfound out that dme for 1.3um OCT becomes dmost twice aslong as that for
0.8um OCT. Such adragtic improvement of dy IS due to remarkable reduction of i by the use of 1.3um
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SLD light.  In our experiment, the ratio of p13m 200
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and ogum IS Obtained to be 0.42 which isin good
agreement with the estimated value from Ref. 6.
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As an example of in vivo imaging, we
present here 0.8 and 1.3um OCT images of
human nall, asshowninFig. 4. The0.8um light :
gives us the cross sectiond image of only a nail n (

plate, while the 1.3um light penetrates through to Fig. 4 Comparison of in vivo OCT images
of ahuman nail. (a) 0.85um OCT

image, (b) 1.3um OCT image.

soft tissue behind anail plate.



4. Other imaging properties

The 1.3um OCT heas the advantage of
deep penetration of light, but this type of OCT is Ep‘dfgg;ﬁ:l_
not dways suitable for cross-sectiona imaging of \ Ly
biologicd tissue. In the near future, for example, .
the 2-D mapping of concentration of oxidized and
deoxidized Hb should be required for function
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andyses of biologicd tissue. Such a function | vessel (PV)
imaging is possble only by the 0.8um OCT, in @ (0)

which & lesst two SLDs are necessary for Fig. 5 Invivo OCT images of an earlobe of
, . nude mouse. (a) 0.85um OCT image,
different-wavelength imaging around 0.81um. (b) 1.3um OCT image.
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intengity reduces steeply dong the depth due to a large scattering coefficient.  This fact is not dways
shortcoming for the cross-sectiond imaging.  In the case of imaging of micro layer tissue near the surface,
steeper reduction of reflection light leadsto higher contrast of OCT images.  We here present 0.8 and 1.3um
OCT images of an earlobe of nude mouse, as shown in Fig. 5. It can be found that the 0.8um SLD can
image more clearly tissue layersincluding peripherd blood vessels.

5. Conclusion

We compared two OCT images for 0.8um and 1.3um by use of the fiber-optic low coherence
interferometers.  The maximum penetration depth and the totd attenuation coefficient of two light sources
were evaduated usng chicken tissue.  Our experiment suggested that the maximum penetration depth for
1.3um OCT isdmodst twice aslong asthat for 0.8um OCT.  On the contrary, it can be found that the 0.8um
OCT can image micro tissue structures near the surface with higher contrast. ~ Although two properties, long
penetration depth and high image contradt, are incongstent with each other.  Our effort is now directed at
improvement of image contrast of 1.3um OCT by the use of the light focusing effect of an objective.
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